Short stature in children, defined as height 2 standard deviations (SD) below the mean for their age and sex, is a relatively frequent cause of referral to endocrinologists. 1 Importantly, the majority of young patients have non-hormonal causes of short stature, and pediatric endocrinology should therefore be perceived as a multidisciplinary field that requires comprehensive medical knowledge and broad insight into the possible mechanisms of short stature. 1, 2 The causes of short stature originate from various mechanisms, many of which remain unknown. 3 The most common causes include physiological variants (constitutional growth delay); familial short stature; chronic diseases with intrauterine growth restriction (IUGR), which can be accompanied by dysmorphic features; hormonal diseases; and genetic causes including chromosomal, monogenic or complex disorders. 2 In this paper, we describe the most common genetic syndromes characterized by short stature that are caused by chromosomal aberrations or gene mutations. We do not go into metabolic diseases such as mucopolysaccharidoses or genetic disorders that are not syndromes, such as cystic fibrosis and skeletal dysplasias (a heterogeneous group of more than 350 disorders), which are also associated with short stature. [4] [5] [6] We provide a mini-review of selected clinical issues that should improve clinical awareness of genetic syndromes associated with short stature.
Genetic syndromes
The term "genetic syndrome" refers to multiple different features that develop together and give rise to a specific clinical manifestation − a recognizable pattern of symptoms or abnormalities with one known, supposed or unknown cause. 3 According to the Winter-Baraitser Dysmorphology Database (London Medical Database), short stature has been reported in more than 1334 genetic syndromes, including 300 clinical entities with short stature characterized by prenatal onset. 7 Short stature in children with syndromic diseases may be caused either by growth hormone (GH) deficiency (hypopituitarism) or GH resistance (e.g., bone dysplasias, Laron syndrome), and also by nutritional problems with unknown mechanisms. 8 In several genetic syndromes, insulin-like growth factor-1 (IGF-1) determines IUGR. 8 Indeed, GH and IGF-1 are crucial for growth processes and are the final hormones in a complex network of different hormones, enzymes and receptors encoded by numerous genes in which allelic variation may contribute to the development of GH deficiency and insensitivity. 8 It should be noted that when IUGR is observed during the pregnancy, the child can immediately be referred to an appropriate specialist before or after birth. Genetic disorders with short stature but without IUGR are usually diagnosed later in the patient's life. 3 
Genetic syndromes with short stature and IUGR

Chromosomal aberrations
The 1p36 syndrome
The 1p36 syndrome is the most common subtelomeric deletion syndrome, with an incidence from 1 in 5000 to one in 10,000 live births. It is characterized by intellectual disability, epilepsy, hypotonia and facial features like straight eyebrows, deep-set eyes, a flat nasal bridge, a pointed chin and midface hypoplasia. 9 Growth retardation and obesity are also frequent clinical findings. Some patients present with IUGR and microcephaly. Two different phenotypes have been reported: with retarded growth and with obesity (similar to the Prader-Willi syndrome phenotype). 10, 11 Postnatal growth of patients with the 1p36 syndrome does not exceed the 50 th percentile. Similarly, the mean birth weight is significantly lower than in the general population. 9 Additionally, it has been reported that about 40% of patients develop various skeletal anomalies including delayed bone age, scoliosis, and asymmetry of the lower limbs.
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Monogenic diseases The 3-M syndrome
The 3-M syndrome is a rare autosomal recessive disorder with only a few dozen patients identified worldwide. This disorder is caused by point mutations in 1 of 3 genes: cullin 7 (CUL7, OMIM 609577), obscuring like-1 (OBSL1, OMIM 610991), and coiled-coil domain-containing protein-8 (CCDC8, OMIM 614145). However, mutations in other genes have also been found to act in the development of this syndrome. The 3-M syndrome is characterized by severe IUGR and postnatal growth retardation, with the mean height reaching about 120-130 cm in adults. Children with the 3-M syndrome have a low birth weight and delayed bone age. Characteristic features of the 3-M syndrome are a large head, short neck, prominent trapezii, a deformed sternum, short thorax, hyperlordosis, short fifth finger, prominent heels and loose joints, as well as hypogonadism in males. Notably, mental intellectual disability has not been reported in 3-M syndrome patients.
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Bloom syndrome
Bloom syndrome (BS) is an autosomal recessive disorder characterized by immunodeficiency, an increased risk of various types of cancers, and growth deficiency with severe IUGR.
14 The exact incidence of BS is unknown, with about 200 cases reported; the incidence is related to ethnicity, as the syndrome is more prevalent in Ashkenazi Jews (one in 48,000 live births). It has been shown that mutations in the Bloom syndrome gene (BLM gene, OMIM 210900) underlie the development of BS. This gene encodes the DNA helicase that is responsible for genome stability. Mutations in the BLM gene are associated with a high risk of mutations and chromosome aberrations.
14 More than 90% of BS patients remain below the 5 th percentile of weight throughout their lives. More than 75% of BS patients are shorter at every age than the normal population. In addition, the patients present a low body mass index. Growth delay is the most consistent clinical finding in BS patients, while the rest of the features, such as facial teleangiectasias, immunodeficiency, and small testicular size in males, are usually not observed in infancy.
14 Moreover, deceleration of skeletal growth is observed. It has been suggested that gastroaesophageal reflux, recurrent gastrointestinal infections, dietary intake, and also intrinsic immune dysfunction rather than malignancy are responsible for the patients' stunting.
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Cornelia de Lange syndrome
Cornelia de Lange syndrome (CdLS), with a frequency from 1 in 10000 to 1 in 50,000, is caused by mutations in the nipped-B-like gene (NIPBL, OMIM 608667) in 60% of affected individuals; mutations in the structural maintenance of chromosomes 1A (SMC1A, OMIM 300040) in 5%; or in the structural maintenance of chromosomes 3 (SMC3, OMIM 606062) in 1% (genetic heterogeneity). Because of a lack of any known mutations in about 40% of patients, the role of other genes has been postulated in the etiology of this syndrome. It should be noted that a diagnosis of CdLS is based mainly on clinical manifestations. Clinical features that are characteristic of CdLS, include specific craniofacial features (microbrachycephaly, synophrys, arched eyebrows, long eyelashes, upturned nose, and widely spaced teeth), cryptorchidism, hirsutism, cardiac defects, hearing loss, myopia, and mental impairment with autistic tendencies. Growth retardation with IUGR occurs in most newborns with CdLS. Height and weight are below the 5 th percentile throughout the patient's whole life (with proportionate short stature). 
Floating-Harbor syndrome
Floating-Harbor Syndrome (FHS) is a very rare genetic syndrome (the exact frequency is unknown) characterized by low birth weight (from -3 SD to 0 SD), short stature, delayed bone age (below -2 SD, with normalization between 6 and 12 years of age), craniofacial abnormalities, skeletal anomalies (brachydactyly, clinodactyly, short thumbs, prominent joints, clavicular abnormalities), deficits in expressive language, a high-pitched voice, and mild to moderate intellectual disability with behavioral disturbances. 16 In addition, gastroesophageal reflux, renal anomalies, hearing loss, hyperopia, and/or strabismus and genital anomalies have been reported. The diagnosis is based on clinical manifestations; however, a molecular analysis of the SRCAP gene should be recommended. Heterozygous truncation mutations in exon 34 have been found in 13 unrelated patients with classical features of FHS. 16 Growth delay in FHS individuals is considerable after birth (even below the 3 rd percentile), and the final height may reach the 20 th percentile. In the majority of cases, the final height is between -2 and -4 SDs (about 140-155 cm in adults). 16 
Non-Mendelian inheritance
Russell-Silver syndrome
Russell-Silver syndrome (RSS), with an incidence from one in 50,000 to one in 100,000 live births, is caused by hypomethylation of the paternal imprinting center 1 (ICR1) located on chromosome 11p15.5 in 35-50% of patients with RSS. ICR1 regulates expression of the insulin-like growth factor-2 (IGF-2) gene. Notably, IGF-2 exerts important effects on growth, especially during fetal development. Patients with the hypomethylation defect tend to have inappropriately increased levels of IGF-1 and IGFBP-3, which might suggest a reduced sensitivity to IGF-1. 17 About 10% of RSS cases are caused by a maternal uniparental disomy of chromosome 7. Other causes of RSS, such as chromosome 7 anomalies or 11p15.5 duplications, are rarely reported, but 40% of RSS patients have unknown disease etiology. Clinical features characteristic of RSS are IUGR (<10 th percentile), postnatal growth delay with height below the 3 rd percentile, facial asymmetry, a high forehead, small jaw, triangular face, clinodactyly, short arms, skeletal asymmetry, feeding disorders, and developmental delay. 3 Patients with RSS have a low birth weight (about 1900-2000 g) and decreased postnatal growth, usually below the 3 rd percentile, with delayed bone age. The final height is 151.2 cm for men and 139.9 cm for women. Importantly, GH therapy might have beneficial effects in terms of improving the final height of RSS children. (OMIM 190685) . It is associated with distinctive dysmorphic features, mental retardation, growth hormone deficiency, and muscular hypotonia in infancy. In some individuals with DS, congenital malformations occur, including heart defects (in 30-40% of DS patients), duodenal stenosis or atresia, imperforate anus, and Hirschsprung disease. Celiac disease, hypothyroidism, hearing and vision problems, as well as an increased risk of leukemia development are also observed. Intellectual disability, speech delay and behavioral problems are present with varying expression. 18 The mean birth length in DS newborns is 48 cm. From the age of 6 months to 3 years, the growth rate is lower than in healthy children. The final height (161.5 cm and 147.5 cm for men and women, respectively) is reached at 15-16 years of age, with a decreased pubertal growth rate.
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Prader-Willi syndrome
Prader-Willi syndrome (PWS) is a neurodevelopmental disorder with a prevalence from 1 in 10,000 to 1 in 30,000 live births. Clinical features characteristic of PWS are muscular hypotonia, suction difficulties in infancy, then progressive obesity, short stature, hypogonadism, behavioral abnormalities, mental impairment, and sleep disturbances. Dysmorphic features observed in PWS patients include characteristic facial features (narrow bifrontal diameter, almond-shaped palpebral fissures, a narrow nasal bridge, a thin upper lip with a downturned mouth), small hands and feet and scoliosis. 3 The diagnosis of PWS is based on a molecular analysis of the patient's DNA and microdeletion detection in the patient's chromosomes. The absence of paternal copies of genes localized in region 15q11-13 may be caused by microdeletion (in about 70% of PWS cases), a maternal uniparental disomy of 15q11-13 (20-25%), or methylation silencing (2-5%). 3 It is now being increasingly recognized that patients with a maternal uniparental disomy might be at risk of specific psychiatric and behavioral comorbidities, including psychotic and affective disorders, as well as autism-spectrum disorders. 20 The stature of PWS patients in the first 2 years of life is below the 3 rd percentile; in the next 10-12 years the height reaches the 10 th percentile; and after 12-14 years of age it falls below the 5 th percentile. The average adult height is 155 cm and 148 cm for males and females, respectively. 3 The cause of short stature is GH deficiency (in 80% of children with PWS, and 50% of adults), and no pubertal growth spurt. Patients with PWS have abnormal hypothalamic function with decreased secretion of hormones that regulate GH and gonadotropin production. Postmortem studies of patients with PWS have revealed decreased volumes of paraventricular nuclei and a number of oxytocin neurons. In addition, structural alterations in the region responsible for the secretion of growth hormone releasing-hormone (GHRH) that might lead to decreased production of GH have been observed. 
Turner syndrome
Turner syndrome (TS) is caused by a lack of all or part of one X chromosome, and it occurs in 1 in 2500 liveborn females. Notably, TS is associated with growth failure (stature disproportion), cardiac anomalies (very often coarctation of the aorta), renal anomalies, pubertal delay, hypergonadotropic hypogonadism with primary amenorrhoea, lymphedema, and dysmorphic features (a webbed neck, a high-arched palate, short metacarpals, scoliosis, Madelung deformity in 7%), hearing difficulties, hypothyroidism, and glucose intolerance. 21 Some patients present developmental delays, nonverbal learning disabilities and behavioral problems, but these features vary among TS patients. 22 Chromosome X monosomy is present in about 70% of TS cases and is of maternal origin. 21 In addition, specific structural chromosomal aberrations may underlie the development of TS, including an isochromosome X, deletion in the short or long arm of an X chromosome or a ring X formation. Furthermore, mosaic forms with more than one population of cells (abnormal or normal 46, XX) or with sequences of chromosome Y might occur. In about 5% of TS patients the SRY gene is present, which requires additional diagnostic procedures. 21 Short stature is observed in about 95% of TS patients. The adult height, without medical intervention, reaches 143 cm, about 20 cm below the normal range. It is diagnosed mainly at the age of 5 years.
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The 18q-syndrome
The 18q-syndrome is a deletion syndrome with a frequency of 1 in 40,000 live births. The structural abnormalities of 18q-include proximal interstitial deletions, complex cryptic rearrangements, and distal deletions. Most cases are sporadic, although familial cases have been also reported. It has been shown that the phenotype expression is characterized by a high inter-individual variability depending on the size of the deletion. The most typical features include growth delay accompanied by GH deficiency, intellectual disability, autoimmune disorders, microcephaly, midface hypoplasia, a flat philtrum, a broad nasal bridge, hearing impairment, eye anomalies, neurologic and genitourinary abnormalities. One study mapped a 2Mb critical region for GH insufficiency to the 18q23 locus. 23 Interestingly, several genes playing an important role in GH response are located within this region, including the myelin basic protein gene (MBP), and the galanin receptor 1 gene (GALR1). Chromosome analysis is recommended in suspected cases, and also in parents for recurrent risk evaluation. 24 
Monogenic diseases Laron syndrome
Laron syndrome (LS) is an autosomal recessive disorder with a prevalence of 1 in 1,000,000, characterized by short stature with normal or increased serum GH and low IGF-1 levels. It is caused by mutations in the extracellular domain of the GH receptor (GHR) gene (OMIM 600946), which result in low GH binding protein levels and decreased IGF-1 production (OMIM 262500). The clinical features include reduced birth length without IUGR; delayed bone age and bone maturation; severe short stature; no clear pubertal spurt; occasionally blue sclerae and hip degeneration; and rarely, congenital abnormalities like strabismus, cataract or aortic stenosis occur. Sleep disorders, obesity, delayed dentition, and genital anomalies may also occur. 25, 26 Postnatal growth is slowed and disproportional. Adult stature ranges from -3 to -12 SD (OMIM 262500). The final mean height is 119 cm in females and 124 cm in males. 
Noonan syndrome
Noonan syndrome (NS) is an autosomal dominant disorder and one of the most common genetic syndromes, with a prevalence from 1 in 1000 to 1 in 2500 live births. 29 About 20% of NS cases are familial. A diagnosis of NS is based mainly on clinical manifestations and genetic screening for mutations in several genes, including protein tyrosine phosphatase non-receptor type 11 (PTPN11, OMIM 176876), son of sevenless drosophila homolog 1 (SOS1, OMIM 182530), V-RAF-1 murine leukemia viral oncogene homolog 1 (RAF1, OMIM 164760), V-KI-RAS2 kirsten rat sarcoma viral oncogene homolog (KRAS, OMIM 190070), V-RAF murine sarcoma viral oncogene homolog B1 (BRAF, OMIM 164757), neuroblastoma Ras viral oncogene homolog (NRAS, OMIM 164790), and mitogen-activated protein kinase 1 (MAP2K1, OMIM 176872). However, it should be noted that negative results of molecular tests do not exclude a diagnosis of NS due to considerable genetic heterogeneity. 30 Children with mutations in the PTPN11 gene have mild GH resistance. Importantly, NS is characterized by distinctive dysmorphic features and congenital anomalies such as short stature, a characteristic facial appearance (hypertelorism, ptosis, low-set and posteriorly rotated ears), congenital heart defects (pulmonary valve stenosis with dysplastic leaflets in 50% of NS cases and hypertrophic obstructive cardiomyopathy in 20%), as well as chest and spinal deformaties. Mild intellectual disability, learning difficulties, feeding problems in early childhood, hearing defects, cryptorchidism, and abnormal pigmentation are also frequently observed in NS patients. 6 Final height is about 161-167 cm in males and 150-155 cm in females. More than 50% of females and 40% of males are below the 3 rd percentile, but about 30% of NS patients have normal height in adulthood. 31 
Other syndromes
Because of its high frequency (8 in 1000 live births), fetal alcohol syndrome (FAS) is another disorder associated with short stature that should be taken into account in differential diagnosis. The biological pathway responsible for FAS development is still unknown, but the role of epigenetic mechanisms is postulated. 32 This syndrome is caused by alcohol exposure in pregnancy and has lifelong consequences for the affected child and the whole family. It is characterized by facial anomalies (smoothing of the philtrum, a thin upper lip, short palpebral fissure length), delayed bone age, short stature, functional impairments, behavioral problems, and intellectual disability. The nervous system injury caused by alcohol in the fetal period is irreversible. 33 The growth of FAS children is delayed compared to the healthy population. Also, IUGR is observed and body length at birth is low. A body mass index below the 3 rd percentile is reported in 22% of FAS children, in comparison to 3% in healthy children. 34 Abnormalities in the central nervous system may be manifested by microcephaly.
A diagnosis of FAS syndrome requires the involvement of a variety of professional medical specialists and often encounters considerable diagnostic difficulties. Due to the social stigma, information about alcohol consumption in pregnancy is often concealed from medical professionals.
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Conclusions
Short stature can be a physiological feature without further implications; however, it is also one of the most frequent clinical characteristics in a number of genetic syndromes and other diseases. Assessment of growth delay should include the use of sex-specific reference data for standing height, head circumference and weight, as well as anteroposterior radiography of the left hand and wrist to determine skeletal maturation (bone age). Because it is easy to detect, primary care physicians usually refer young patients with short stature to endocrinologists and/ or geneticists to complete the diagnostic process. A great deal of attention and a detailed clinical investigation should be offered to all patients with short stature.
Indications for therapy with recombinant GH vary depending on the country of origin. In Poland, GH therapy is reimbursed in cases of short stature associated with PWS, TS, hypopituitarism with hyposomatotropinemia and chronic renal insufficiency. In the USA, GH therapy is also indicated in cases of IUGR, NS and idiopathic short stature < -2.25 SD. Recombinant GH therapy in skeletal dysplasias are still under investigation, but several studies from Japan argue for efficacy of this approach. 35 Children with genetic syndromes, very often associated with intellectual disability and dysmorphic features, are usually first referred to clinical geneticists and after that to other specialists, among them pediatric endocrinologists. However, when clinical features other than short stature are mildly expressed, some patients with genetic syndromes are first diagnosed by endocrinologists. A diagnosis of short stature in children should be based on extensive cooperation between clinical geneticists and pediatric endocrinologists.
